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Abstract. N-pyrroliding succinamic acid (Uni-F529) was considerably superior to succinic acid 2.2 dimethyl
hydrazide (daminozide, SADH) in inhibiting stem clongation in Phaseolus vulgaris L. *Black Valenting” and
Chrysanthenium morifolivm Ramat. *Bright Golden Anne'. This was true in winter or summer greenhouses.
Under controlled temperature and light conditions tissue concentrations of duminozide were higher than those for
Uni-F529. Neither daminozide nor Uni-F529 was metabolized significantly in beans during the 3 to 7 day test
periods. The greater activity of the pyrrolidino analog relative Lo daminozide must reflect increased activity at the
site of action and/or reduced storage of Uni-F529 at inactive sites in plants.

Growth retardants have proven value for restricting excessive stem
clongation without causing major phytotoxic side effects. Duminozide
appears to offer great promise for growth control in many species, but
it has a limited species range and, even where effective, it must be
applied at refatively high concentrations and frequent intervals. For
this reason there is a need for more active analogs. Five factors may
account for differences in activity of foliar-applicd compounds in the
test plant: 1) absorption by the plant. 2) transport and distribution to
sites of activity. 3) metabolic stability, 4) storage at inactive sites and
3y intrinsic biotogical activity. Several structure/activity studies have
heen made with other growth returdants but none has attempted to
test all 5 components of activity. Rational development of improved
growth retardants is dependent upon understanding” which of the
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factors contributes to (or detracts from) the activity of promising
compounds. Since Uni-F529 was reported to be more active than
daminozide on several species (1, 2, 8) it was selected for comparison
with SADH for studies on absorption, trunsport, and metabolic
stability. Cathey (1) suggested that Uni-F529 was more active than
daminozide under summer time greenhouse conditions only: hence.
tests were made for activity relative Lo climatic conditions.

Materials and Methods

*Black Valentine’ bean seedlings, ca 7 days old with the primary
leaves half expanded und the first trifoliolate leaf beginning to unfold
from the plumule, were used for all experiments. Scedlings were
placed in acrated, half-strength Hoagland's in I-liter containers or in
greenhouse pots in vermiculite watered with half-strength Hoagland's.
Temperature was maintained day and night at 21 + 1°C; relative
humidity 60 + 10%. The daily photoperiod was 16 hours of 1300 to
2500 ft.c. light at plant top level provided by a mixture of “Cool
White™ flourescent tubes and incandescent lamps.

Rooted cuttings of *Bright Golden Anne’ chrysanthcmum were
grown under long day greenhouse conditions [8 hours natural light
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daily (ca 26°C) plus 4 hours of 10 {t.c. incandescent tHumination
from 10:00 pm. to 2:00 wm. provided under black cloth from 4:30
p.m. ta 8:30 am (ca 19°CH when the plants had 3 fully expanded
feaves they were treated with the retardants. Technical grade.
crystalline retardints at feast 93% pure were obtained from UniRoy-
al, Inc.. Naugatuck, CN. Solutions contained 0.1% polyoxyethylene
nomvi phenof surfactant.

When transport wats studied the growth retardants were applied to
the primary leaves by microsyringe in 8 to 10 droplets distributed
above the S major veins, Plants were spraved with § x 10 *or 5 »
10 * M solutions of ciach retardant for some comparative activity,
ahsorption and metabolism studics.

There were 6 to 10 plants per treatment, randomized on benches.
Stem fength, the distance between the cotyledonary node and the
plumule in bean, or between a marked leaf and the terminal bud in
chrysanthemum, was measured initiadly and at the end of the
experiment. Stem clongation (AL). the dilference between the final
and initial measurements was the sole measure of retardation
recorded. Percent inhibition of clongation (Inhy was calculated for
cach treatment as: Inh 100 (AL control Al treatment/AL
control) » 100, Additionally, the activity of Uni-F529 relative to
daminozide was computed by dividing the vatue of percent inhibition
for SADH by that for Uni-F329.

Chemical analvsis of plant tissues. Prior to anabysis the plunt tissucs
were rinsed in running tap water: the tissues from 2 plants were pooled
and frozen, or analyzed immediately after collection, Plant parts were
ground (o a puree in distilled water and washed into 4 one L reaction
flask. The procedures for analysis of duminoszide were essentiaily the
same as those deseribed by Lane (4) and Suchs and Mock (9) and
extended to N-pyrrolidino succinamic acid. IN-pyrrolidino succinamic
acid yields N-aniino pyrrole and daminozide yields 1,1 dimethythy-
dravzine upon alkatine hydrolvsis, but colorimetric detection of both
compounds was readily achieved with a 0.1%  trisodium  pen-
tocyanomino ferroate (TPE) reagent. The absorption maximum Tor
the 1.1 dimethythydrazine-TPE complex is at 490 nm and that for the
N-amino pyrrole-TPEF complex is at 500 nm. In determining standard
curves to minimize background interference from plant tissues the
optical density (OD) difference used for Uni-F529 was ODsan ODgoo
and that for daminozidé was OD g0 ODgge. Bean and chrysanthemum
shoot tissue gave background vidues cquivalent to 0.05 micromoles
per 7.5 g tissue. All data was corrected for background. The minimum
tissue concentration of retardant detectable was approximately 0.01
micromoles per g fresh wit Tests with daminozide added to bean tissue
indicatéd that 94 1 6% recovery could be expected with concentra-
tions between 0.02 and 2 micromoles per g tissue. AL least 2
determinations of tissue concentration were made for each treatment.

Concentration of retardant in the tissue (TC) was expressed as
micromoles per g fresh tissue. Inh/TC was computed to give a
measure of specilic activity for cach retardant that was independent of
both dosage applicd iand amount absorbed.

Duaminozide, #*C-labeled at the 2 and 3 C atoms of the succinate
moicty, 0.1 me/milimole, and *H-Uni-F529, randomly lubeled by a
catalylic exchange procedure by New England Nuclear Corp. werce
used for comparative transport and metabolism studies. Both com-
pounds were purified by paper and thin luyer chromatographic
procedures described helow. Isotope counting was done with a
liquid scintillation counter. Quench correction was determined by a
channels ratio procedure using an external standard. Aliquots of
methanolic extracts of tissues were counted directly or partitioned on
silica gel (SG) thin fayers or Whatman #1 paper. Two solvent sys-
tems were used: 1) 2-propanol (10) concnacetic acid (0.1) water (3);
and 2) l-propanol (7) concn NH,OH (3). R, values for SADH and
Uni-F529 were: )
1(SG)

1(5G) 1T (paper)
Daminozide 0.33 0.55 0.8
Uni-1-529 0.47 0.62 0.75

Statistical analyses were performed on all datas cither the feast
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significant difference or Duncan’s multiple range test at the 1% and
S% levels were used to separate means.

Results

Relative growth retarding activiry. Daminozide and Uni-F5329 w
S x 10 * M were spraved on “Blick Valeatine” bean in 7 experi-
ments performed from December through August in the green-
houses at Frederick. Uni-FS29 was always superior to SADH in
growth retarding activity (Fig. 1), but their relative activity varied
considerably and with no apparent relationship to the greenhouse
environment. Relative activity of the 2 chemicals differed in 2 ex-
periments run in August. overlapping by all but 1 day. Thus. time
of year did not appear to influenice the activity of one compound
relative 1o the other. We could not. however, account for the highly
variuble results.

Similar patterns were obtained in 7-day experiments with *Bright
Golden Anne’ chrvsanthemum in the greenhouses at Davis (Fig. 2).
Experiments were run in long day (LD) and short day (SD)
environments. Uni-F529 was always superior to daminozide but, as
with hean, refative activity was variable. Apain, there was no apparent .
relationship to cither time of yeur or to daylength. Light intensity and
average daytime temperatures were considerably fower in November,
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Fig. 1. Growth retarding activity of Uni-FS829 relative to daminoside
(SADH) in *Bluck Valentine bean at Frederick, MD. Plants were sprayed
with 5 x 10 2 M solutions of cach retardant. Average greenhouse
temperatures for the 7-day experimental period for each experiment are
connected by a line. The asterisks above the bars for refative activity indicate
that the differences between inhibition induced by Uni-F529 and SADH
were significant at the 1% (**) or 5% (*} level. Two experiments were tun in
August, overlapping by all but | day.

oct FEB

Fig. 2. Growth retarding activity of Uni-F529 relative to SADH in ‘Bright
Golden Anne’ chrysanthemum in long day (LD) and short day (SD) condi-
tions in greenhouses at Davis, CA. Plants were sprayed with 2.5 x 10 * M
solutions of cach retardant. Asterisks above bars indicate statistical signifi-
cance as in Fig. 1.
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Lanusey. and Febroary trinds than those in Jaly, August, and
September,

Fndogenaus Jevels, Uni-1'329 aad diaminozide fevels were deter-
mined tn the ternunad 4 cmof shoot tissue of the chrysanthemum
plants used to estimate relative growth retarding activity (Tuble 1),
Inh/TC values for Uni-F329 were generalty higher than those for
daminozide but vatues for both were variable. Whole plant analyses
for chrysanthemum  (no reported) revended that twice as much
diminozide as Uni-£2329 wis absorbed but the concentratiops in the
teeminal 4 cm of the shoots. the presumptive sites of action, were
rirely significantly different. A few caperments with “Black Valen-
tine” bean were performed in artificially lighted, controlled tempera-
ture (22°C) chambers to reduce as far as possible enviconmental
variihility as & contributing lactor in absorption or responase (o
retardants. A refationship occurred between the conen applied to
primary leaves and endogenous levels in the tissues of the whale plant
(Table 2), however, there was no apparent relationship between the
amount of retardant applicd and the degree of inhibition. The ratio.
Inh/TC, which wus computed 1o give some measure of intrinsic
activity of the 2 compounds, dropped significantly when dosage was
increased (Table 2) suggesting that much of the retardant absorbed by
the leaves moved 1o sites that were inactive and had no effect on
growth retardation. For the same dosage applicd, about twice the

Fable I Growth retrding activits (ahy of Uni-F329 and duminazide at different times
of the vear in refation (o tissue conen (7€ . micromales per g tissued in the terminal 4 cm
of "Bright Golden Anne” chivsanthemum shoot fissues, Plants grown in tong day (1.0
or short day (SD) condittons were spraved with 3 10 * M solutions of cach
retardant contmning 0 17, polyassethyviene nonvt phenol surfactant®,

conen of daminorside as of Uni-1'529 was found in tissue and this wis
the aujor reason that Inh/TC was greater for Uni-F529 than for
daminozide. Also, o comparison wats made between foliar-applicd and
plumular-applicd  retardants (Table 3). One micromole of cuch
retardant was applied to the plumular bud or primary leal: the
terminat 4 cmoof shoot tssue only was analyzed for retardant content
3 days after application. Plumular applications were much more
effective than foliar for growth retardation, Here toa, daminozide was
absorbed more readity than Uni-F529. For plumular applications, the
greater TC for SADH accounted for the relutively tow computed
value of Inh/TC.

The great dependency of Tah/TC on site of application suggests
that much of the retardant found even in terminad meristematic tissues
was not essential for growth retardation. Also, in bean, 75 1o 80% Inh
may have been the maximum attainable with cither duminozide or
Uni-17529,

Transport and distribution of Uni-F529. With application of
MC-daminovzide and 3H-Uni-1329 relutively more of the radioactivity
from “C-daminoszide than from 2H-Uni-F329 was found in the
plumule above the treated feaf (Fig. 3) after 3 days but by 7 days the
differences were reduced and not significant. Both compounds were
translocated to the root system and then out into the soil medium. In
time, a significant loss of growth retardant from bean plants would
oceur through the root system. Chromutographic analyses of extracts

Table 3. Activity of foliar und plumular applications of daminozide and
Uni-FS29 in *Bluck Valentine bean in relation to tissue conen of retardints
in terminad shoot tissues,

Tune of treat- L S0

et Conponnd B T
apphied [N ¢ fah. 1'C Enh TC inh/1C

duly

Dammovide 23t 0068, RIS RIR) 0.059: 527

Uni-t 529 21 O.047h Q0% KA 0,049, 742
August

Daminazide REN 0033, 631 Nea 0.079a 44K

Uni-1329 430 L0024 77 46.2b 0091 504
September

Daminavzide W40 0049y 6ty 12.9: 0.049:4 268

Uni-1'329 4320 0.05Ky 751 3746 00126 3252
October

Daminozide 2494 G067 mn Dda 0.024a 1340

Uni-1329 INdh 008Ky 417 2140 0.036a [REX
November

Buaminoside ARSI N B 226 Jo.6a 01564 170

tini-F329 4. %h LEX{S T 419 IK.6h 0.1554 250
Januiey

[aminozide — 0105 — 46.9a 0104 289

Uni-f3529 — 6.033: e 6790 0.041h 966
February

Daminazide Tl 0089y ss 0.2 0.0534 RS

Uni-§-329 2320 006K 69 3K.6it 0.071a 959

* Inhibition of growth retardant determinations were made 7 days after application.
Y Patrs of means for cach treament dite foflowed by different letters were significanthy
defferent at the 37 fevel,

Fable 20 Activity and tissue conen of daminoside and Uni-F529 in *Black
Videntine” bean in relation to dosage upplied®.

Compound: Dosage tahY TC Inh/TC
Daminozide
S micromoles M5 0.044b 785
10 micromales 36,24 0.1494 243
Uni-F529
2.5 micromoles 36.3a 0.011d 3310
5.0 micromoles 41.3h 0.023¢ 1790
0.0 micromaoles 40.3h 0.05kb 695

* Measurements and analyses made 4 days afler application of returdants to
upper surface of both primary leaves. Analyses were for the entire plant, TC is
tissue conen in micromoles per g Ussue.

¥ Mcans in columns followed by different letters was significantly different at
the 5% level. :

J. Amer. Soc. Hort. Sci. 100(6):593 596. 1975.

Site of application.

{nh¥ TC tnh/1C
compound
Primary leaves®
Daminaovzide 10.60a* 0021 508
Uni-F529 432h 0.012h 3600
PluniuleY
Daminozide 76.1a 457a 16.7
Uni-+529 82 1a 1994 41.2

*10 micromole of cach retardant applied to upper surlace of hoth prinirs
leaves. Plumule plus 4 cm of subtending shoot tissue were analysed for
retardunt conen 3 days after application. TC is tissue conen in micromoles per
g tissue.

¥ I micromole of cach retiardant applied to plumule. Shoot tissue analyzed us
above.

* Pairs of means, for each site of application, followed by different letters. were
significantly different at §% fevel.
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leat leof

Fig. 3. Distribution of rudioactivity in ““C-daminozide (SADH) *H-Uni-
F529 treated *Black Valentine' bean plants 3 and 7 days after application.
For cach compound, ¢u 10~ ¢ dpm, were applied to the first trifoliolate leal
of 6 plants. Plants were analyzed individually; average values are shown.
Statistically significant differences between SADH and Uni-F529 were
found only in the 3 day analyses for the plumule and treated feaf,
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dpm dpm

Fig. 4. Chromatographic fructionation of methanobic extracts of “Bright
Golden Anne’ chrysanthemum shoot tissue from plants treated 3 days
carlicr with 1 x 10 * M daminozide (SADH). Extracts were applied to SG
thin layers and developed by ascending techniques in 2-propanotl (16)/conen
acetic acid (0.1)/ water (3). Dita are average values for 6 plants.

dpm dpm
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Fig. 5. Chromatographic fractionation of methanolic extracts of chrysan-
themum shoot tissues from plants treated with Uni-FS29. Extracts were
applied to Whatman #1 paper and developed by descending chromatography
in I-propanol (7) NH,OH (3). Data arc average values for 6 plants.

of bean and chrysanthemum plants treated with “C-duaminovide
revealed no alteration of the compound up to 7 days after treatment
(Fig. 4). Chromatographic analyses of Uni-F329-treated chryvsan-
themum plants suggest that sfter 7 days most of this compound
remained  unmetabolized (Fig. 3). Very little daminozide and
Uni-F529, fess than 0.01 micromoles per g, remained bound to tissues
after cither methanolic or aqueous extraction of chrysanthemum
plants sprayed with 10 * M solutions,

Discussion

The enhanced activity of the pyrrolidino analog, Uni-F529, com-
pared to daminozide was not dependent upon time of year, an
hypothesis proposed clsewhere (1, 2), nor due to any advantage in
absorption by tissues. Distribution of Uni-F529 in bean and chrysan-
themum, particutarly in the shoot apical Ussues, the presumptive sites
ol action, was approximately the same as that for daminozide.
Duminozide proved to be @ stuble compound in bean and chrysan-
themum, as has been shown in many species (5, 6, 7), and this was truc
for Uni-FF529, too. Thus, we concluded that differences in growth
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retanding activity refiected greater activity of Uni£529 than of
daminazide in shoot apical and subapical meristeniatic tissues or fess
storage dat inactive siles.

Storage of both compounds at inactive sites in chrysanthemum and
bean meristematic tissues was suggested by decreasing values for
inhibition per unit tissue conen (Inh/TCY of retardant with increased
rates of application. That is. some of the compound found in
meristematic tissues was probuably not active in causing inhibition,
Sachs and Mock (9) found this to be true also for 3 woody species.
Inh/TC was alwavs greater for Uni-F329 than for daminozide, but
the values were not constant for cither compound. Variable response
of the treated plant to the retardant and/or varable storage of the
compound at inactive sites owing to chuanges in meristematic tissues
would account for changes in Inh/TC. We have noted. invariably,
that the ratio Inh/TC increased with time after application as if the
retardant at inactive sites were fost more rapidly than that at-the
active sites for inhibition.

Modification of Uni-F329 to enhance its absorption through the
upper feal surface or terminal bud to a level equal to that of
daminozide would. perhaps, enhance 2- to 3-fold its activity in spray
apphication. Sargent, Powell, and Bluckman (10) have shown that
increased chlorination of phenoxyacetic acids leads 1o an increase in
the rate of absorption by bean leaves. Although there are certain
exceptions to this rule, und notable vadiations in absorption of
chlorinated compounds in light and darkness, their approach may be
appropriate for Uni-F529. .

In *Black Valentine’ bean plumular-applicd duaminorzide and
Uni-FF529 was much more active, perhaps 20- to 30-fold, than
foltar-applicd chemicals, Thus, these compounds are transported in
refatively small gquantities from the Jeaves to the shoot apical and
subapical meristems via the phioem. whereas sbsorption hy the young
leaves und meristematic surfaces supplied much farger quantities for
the meristematic tissues. This was shown, also, in Dicks™ studies with
chrysunthemum (3) and implicit in the results of Sachs and Mock (9).
There appeared 10 be very efficient inhibition of stem clongation by
the small amounts translocated from the leaves: that is, the values of
Inh/TC were higher for foliar than for plumular applications when
only the TC for the terminal 4 ¢cm ol shoot tissues was used in the
computation.
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